Abstract -Introduction. Superficial scald is one of the most economically serious postharvest disorders of apples. The optimal harvest window and 1-MCP treatment significantly diminish the risk of storage scald and retain quality of apples stored in a normal atmosphere. Materials and methods. Fruits from three different harvest dates (23rd and 30th September, and 7th October 2008) were treated with 1-MCP (SmartFresh TM ) immediately after harvest, and stored in a normal atmosphere (1 ± 0.5)°C for 180 days followed by a shelf-life period of 7 days at (21 ± 1)°C. Assessments of superficial scald severity, firmness, total soluble solids and titratable acidity were recorded at days 1 and 7 after storage. Organoleptic quality assessments were made after the shelf-life period. Results. 1-MCP treatment was able to control superficial scald before and after shelf life in fruits from the last two harvest times. The highest scald values during shelf life were observed in untreated and 1-MCP-treated fruits from the earliest harvest (3.6 and 2.3, respectively). 1-MCP and early harvest time were determined to have a positive effect on retention of firmness and titratable acidity during storage. Total soluble solids was not affected by 1-MCP treatment. Combination of 1-MCP treatment and mid-or late harvest time gave the best evaluation scores for organoleptic quality. Conclusion. Our results show that 1-MCP treatments of late-harvested "Granny Smith" apples could offer satisfactory results for long-term air storage considering both the absence of superficial scald and retention of fruit quality. (SmartFresh TM ) immédiatement après récolte, stockés en atmosphère normale à (1 ± 0,5)°C pendant 180 jours puis laissés pendant 7 jours à (21 ± 1)°C. Des évaluations de la gravité de l'échaudure superficielle, de la fermeté des fruits, de leur teneur totale en solides solubles et de leur acidité titrable ont été effectuées aux jours 1 et 7 après stockage. Des évaluations de leur qualité organoleptique ont été faites en fin de période de conservation. Résultats. Le traitement au 1-MCP a permis de contrôler l'échaudure superficielle avant et après la période de 7 jours à (21 ± 1)°C pour les fruits récoltés aux deux dernières dates. Pendant cette période, l'échaudure a été la plus marquée pour les fruits de la première récolte, qu'ils aient été ou non traités au 1-MCP (scores de 3,6 et 2,3, respectivement). L'application de 1-MCP et une récolte précoce ont eu un effet positif sur le maintien de la fermeté et de la teneur en acidité titrable pendant le stockage. La teneur totale en solides solubles n'a pas été affectée par le traitement au 1-MCP. La combinaison d'un traitement au 1-MCP et d'une récolte à mi-ou en fin de saison ont donné les meilleurs scores d'évaluation de la qualité organoleptique des pommes stockées. Conclusion. Nos résultats montrent que les traitements au 1-MCP appliqués aux dernières dates de récolte pourraient donner des résultats satisfaisants pour le stockage à l'air, à long terme, des pommes "Granny Smith" du fait à la fois de l'absence d'échaudure superficielle et du maintien de la qualité des fruits.
Introduction
Superficial scald is one of the most economically serious postharvest disorders of apples 1 . The disorder manifests as skin browning which develops on any part of the skin, not affecting the flesh. Superficial scald usually appears during shelf life of fruits removed from cold storage, but with highly susceptible cultivars the scald can appear even during storage [1] . Scald has been associated with oxidation of α-farnesene and the consequent accumulation of conjugated trienes [2] .
The maturity stage at harvest may predispose fruits to some disorders [3] . Less mature fruits develop superficial scald more easily [4] and do not develop typical full flavour [5] . Fruits that are picked too late are much less prone to superficial scald, but soften and become mealy prior to marketing [6] . Choosing an optimal harvest window can significantly diminish the risk of storage scald and upgrade storage potential.
Application of the gaseous compound 1-methylcyclopropene (1-MCP) has been reported to have an inhibiting effect on superficial scald development [1, [7] [8] [9] . 1-MCP postharvest treatment primarily prevents ethylene from binding to receptors and thus reducing ethylene sensitivity and respiration. Treated apples stored in air maintain important quality characteristics such as fruit firmness and high total acids. At the same time, as ethylene plays an important role in production of aroma volatiles, 1-MCP-treated fruits can lack aroma, which is an important organoleptic quality trait [10, 11] . It has also been suggested that 1-MCP treatment of certain air-stored cultivars can replace controlled atmosphere storage [12, 13] .
The objective of our study was to investigate the combined effects of harvest time and 1-MCP treatment on superficial scald development and quality of air-stored Granny Smith apples.
Materials and methods

Fruit source
Apples were harvested in 2008 from 8-yearold Granny Smith trees grafted on M-9 EMLA rootstocks in the experimental orchard of the Department of Fruit Growing and Viticulture, Faculty of Agriculture, Novi Sad, Serbia. Fruits were harvested on 23rd September (harvest 1), 30th September (harvest 2 -commercial harvest date) and 7th October (harvest 3). After each harvest, we used 240 fruits of uniform size and without external defects to form eight replicates of 30 fruits. An additional 20 fruits were used to assess maturity indices (table I). Lack of differences between starch maturity indices of fruits picked at different times were probably due to subjective interpretation, as suggested by Piers et al. [14] .
1-MCP treatment
Within 2 h after harvest, four replicates of 30 fruits were treated with 1-MCP (Smart Fresh TM 0.14% Technology, Rohm and Haas Company) in a gas-tight 120-L plastic container. 1-MCP was weighed into a small jar to obtain a final gas concentration of 0.625 µL·L -1 and was dissolved in pure water (20°C). The jar was shaken and placed into an airtight container. A small battery-propelled ventilator was attached to the jar in order to obtain better distribution of 1-MCP gas in the container. Control fruits were kept in a similar plastic container without any treatment. After 24 h at 20°C, the plastic containers were opened and fruits were stored in cold storage.
Fruit storage and sampling
All replicate fruits were placed in separate wooden bins and were stored in regular atmosphere cold storage [(1 ± 0.5)°C, (90 ± 5)% RH, (0.03% CO 2 + 21% 0 2 )] for 180 days followed by a shelf-life period of 7 days at a normal atmosphere of (21 ± 1)°C and (60 ± 5)% RH. Immediately after storage, 15 fruits of each replicate were assessed at day 1 and at day 7.
Assessments
The starch index was evaluated using the starch iodine test (Code Amidon, Ctifl, 2002). Firmness of fruit flesh was measured using a FT 327 penetrometer (Winopal Forshchungsbedarf GmbH, Ahnsbeck, Germany) with an 11-mm probe. Two measurements were made on opposite sides of each fruit.
Total soluble solids (TSS) were determined using a hand refractometer (0-32%). Streif's Maturity Index was calculated using the formula: Streif's Maturity Index = [Firmness / (Starch Index × TSS)]. Titratable acidity (TA) was measured by titration with 0.1 N NaOH to pH 8.1. Results were expressed as percentage of malic acid in fruits. Intensity of scald was visually estimated according to the percentage of scalded surface with a scale from 0 to 4, where 0 = no surface area affected, 1 = < 10%, 2 = 10-25%, 3 = 25-50%, 4 = > 50% of the surface area affected [15] . Evaluations of overall external appearance, juiciness, mealiness, taste and aroma were conducted by five academic panellists after shelf life. Scores were: bad (1-3), good (4-6) and very good (7-9).
Statistical analyses
A randomised plot two-factorial experimental design with four replicates of 15 fruits per replicate was used. The data were analysed using analysis of variance (ANOVA) and the means were compared using Fisher's least significant difference (LSD) test (P < 0.05) with STATISTICA 8 (StatSoft Inc., Tulsa, USA).
Results and discussion
Scald score
The apple scald severity on day 1 after storage was high for untreated apples from harvests 1 and 2 (figure 1). Slight superficial scald was determined in untreated apples from harvest 3, but only 1-MCP-treated apples, regardless of harvest time, showed no or very slight symptoms. Similarly, 1-MCP treatment was able to prevent scald development on Granny Smith apples stored in air for 3 months and 6 months [16] . Harvest delay can reduce superficial scald [17] but it cannot completely control it, especially during a long storage period [18] .
After the shelf-life period, only 1-MCPtreated apples from harvests 2 and 3 had no scald (figure 2), which could be interesting for air-stored late-harvest apples [11] . Untreated apples from all three harvests had high ratios of superficial scald (figure 2) . A similar situation occurred with 1-MCP-treated fruits from harvest 1, which 
Fruit quality
Firmness is a major factor in consumer preferences [20] . After storage, 1-MCP-treated fruits picked on 23rd September, 23th September and 7th October remained firmer than untreated fruits at day 1 (table II) . Data also shows the positive effect of early harvest times on firmness values during storage [10, 21] . The lowest firmness value was obtained from untreated harvest 3 fruits, which corresponds with the lowest firmness at harvest time (table I) .
Similar results were observed during shelf life. 1-MCP was determined to have a positive effect during shelf life on retention of firmness, as has been shown in previous studies [8, 11, 19, 22] . Even late-harvest apples treated with 1-MCP remained much firmer during shelf life than those untreated, regardless of their harvest time.
Total soluble solids
After the storage period, the only significant difference observed for the Granny Smith total soluble solids content was noticed between 1-MCP-treated and untreated fruits from harvest 3, probably due to higher respiration rates of late-harvested untreated fruits (table II) . Similar studies [8, 19, 22] also found that 1-MCP treatment was ineffective on the changes in apple total soluble solids.
Titratable acidity
The treatments with 1-MCP maintained the titratable acidity values after storage at higher levels compared with untreated fruits (table II) , which has not always been observed in previous studies [8, 23] . The effect of harvest time was also noticed, as untreated fruits harvested on 7th October had the lowest titratable acidity, which is an indicator of advanced maturity [6] . The effectiveness of 1-MCP was lost during shelf life.
Table II.
Effect of 1-MCP applied at the time of fruit harvest and of three different harvest dates on quality parameters of Granny Smith apples stored at 1°C for 6 months followed by a shelf-life period of 7 days at (21 ± 1)°C (Serbia, 2009 
Organoleptic quality
The highest overall appearance scores were obtained by 1-MCP-treated apples harvested on 30th September and 7th October (table III) , which is mainly due to inhibition of superficial scald and retention of green peel colour [19] . 1-MCP-treated fruits from harvest 1 developed severe scald, which made them very unattractive.
The strong positive influence of 1-MCP treatment was also observed in the crispiness and juiciness values, regardless of harvest time. This is due to retention of fruit firmness, which is one of the most evident effects 1-MCP has in apples. Harvest time had a strong effect on crispiness and juiciness of untreated fruits, showing a decline in scores when the harvest time was later. A similar result was found in Mondial Gala apples [24] .
Scores for mealiness showed that untreated fruits exhibited a remarkable increase in this disorder, as previously reported [25] . The results show that both 1-MCP and optimal harvest time have a positive effect on the absence of this disorder.
The highest taste score was obtained for 1-MCP-treated fruits harvested on 7th October, but other 1-MCP-treated fruits also had high scores. Akbudak et al. explained this situation as a consequence of retention of titratable acidity and inhibition of the reduction of sugars due to the decline in respiration rate caused by 1-MCP [19] .
Regarding aroma, the panellists did not find significant differences between 1-MCPtreated and untreated fruits, which can partially be explained by the absence of distinctive taste of Granny Smith apples [26] . Only untreated fruits harvested on 7th October were scored with significantly lower values due to off-odours of overripe fruits.
Conclusion
Combining 1-MCP and the optimal harvest date can effectively reduce severity of superficial scald in Granny Smith, a cultivar very susceptible to this physiological disorder. Although 1-MCP did not prove to efficiently prevent scald appearance during shelf life on early-harvested fruits, treatment of apples harvested one and two weeks later were able to suppress scald appearance. 1-MCP clearly minimised loss of firmness and titratable acidity and did not have a significant effect on total soluble solids content. Organoleptic quality of 1-MCP-treated apples was also at a high level. Fruits that were harvested at advanced maturity stages were of satisfactory quality only if they were treated with 1-MCP. Our results show that 1-MCP treatments of late-harvested Granny Smith apples could offer satisfactory results Table III . Effect of 1-MCP applied at the time of fruit harvest and of three different harvest dates on organoleptic quality parameters of Granny Smith apples stored at 1°C for 6 months followed by a shelf-life period of 7 days at (21 ± 1)°C. Evaluations of each parameter were conducted by five academic panellists. Scores were: bad (1-3), good (4-6) and very good (7) (8) (9) N. Magazin et al.
for long-term air storage considering both absence of superficial scald and retention of fruit quality.
